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This Office Action is in response to the response filed on December 21 , 2007. 

Claim 2 is objected to because "the step of etching the trench" lacks antecedent 
basis and should read, "the step of forming the trench." 

Claim 3 is objected to because "etching away the oxide formed on the side wall 
oxide" and "the gate oxide" should read, "etching away the oxide formed on the 
sidewalls " and "a gate oxide," respectively. 

Claims 1, 4, 6, 9, 10, 11, 13 and 15 are rejected under 35 U.S.C. 102(b) as being 
anticipated by United States Patent 4,541,001 to Schutten et al. (Schutten '001). 

As to independent claim 1, Schutten '001 discloses a method of manufacturing a 
trench gate semiconductor device (see the entire patent, including the Figs. 2-6 
disclosure) comprising the steps of: providing a silicon device body 4/8 having a first 
major surface, the silicon device body having a drain region 4 of a first conductivity type 
and a body region 8 over the drain region; forming a trench 12 extending downwards 
into the silicon device body from the first major surface, the trench having sidewalls and 
a base; etching the silicon at the base of the trench to form porous silicon 18 at the base 
of the trench (see column 7, lines 30-37); and thermally oxidizing the device to oxidize 
the porous silicon at the bottom of the trench to form a plug at the base of the trench 
(see column 7, lines 40-42); and depositing conductive material within the trench to form 
a gate 34. 

Claim 1 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Schutten 

'001. 
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As to dependent claim 4, Schutten 'OOTs step of forming the trench 12 includes 
providing a mask 117 on the first major surface defining an opening and etching the 
trench extending downwards from the first major surface through the opening. 

Claim 4 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Schutten 

'001. 

As to dependent claim 6, Schutten 001's step of etching the silicon at the bottom 
of the trench 12 to form porous silicon 18 includes dry-etching the bottom of the trench 
through the same mask 117 used to define the trench (see column 7, lines 22-37). 

Claim 6 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Schutten 

'001. 

As to dependent claim 9, Schutten '001 discloses a trench MOSFET (see the 
entire patent, including the Fig. 6 disclosure) comprising: a drain region 4 of first 
conductivity type; a body region 8 over the drain region; a trench 12 extending from a 
first major surface through the body region; source regions 10 of the first conductivity 
type laterally adjacent to the trench at the first major surface; thermal gate oxide 30 and 
32 on the sidewalls of the trench; a gate electrode 34 or 36 in the trench insulated from 
the body region by the gate oxide; characterized by a thick oxide plug formed of 
oxidized porous silicon 18 (see column 7, lines 30-42) at the base of the trench 
extending into the drain region. 

Claim 9 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Schutten 

'001. 
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As to dependent claim 10, Schutten '001 's body region 8 is of second 
conductivity type opposite to the first conductivity type. 

Claim 10 is thus rejected under 35 U.S.C. 102(b) as being anticipated by 
Schutten '001 . 

As to independent claim 11, Schutten '001 discloses a method of manufacturing 
a trench gate semiconductor device (see the entire patent, including the Figs. 2-6 
disclosure), the method comprising: providing a silicon device body 4/8 having a first 
major surface, the silicon device body having a drain region 4 of a first conductivity type 
and a body region 8 over the drain region; forming a trench 12 extending downwards 
into the silicon device body from the first major surface, the trench having sidewalls and 
a base; etching the silicon at the base of the trench to form porous silicon at the base of 
the trench (see column 7, lines 30-37); thermally oxidizing the device to oxidize the 
porous silicon at the base of the trench to form a plug at the base of the trench (see 
column 7, lines 40-42), wherein thermally oxidizing the device forms sidewall oxide 30 
and 32 on the sidewalls of the trench; and depositing conductive material within the 
trench to form a gate 34 or 36. 

Claim 11 is thus rejected under 35 U.S.C. 102(b) as being anticipated by 
Schutten '001 . 

As to dependent claim 13, Schutten 001 's step of forming the trench 12 includes 
providing a mask 117 having an opening and on the first major surface and etching 
through the opening. 
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Claim 13 is thus rejected under 35 U.S.C. 102(b) as being anticipated by 
Schutten '001 . 

As to dependent claim 15, Schutten 001 's step of etching the silicon at the 
bottom of the trench 12 to form porous silicon 18 includes dry-etching the base of the 
trench through the same mask 117 used to define the trench (see column 7, lines 22- 
37). 

Claim 15 is thus rejected under 35 U.S.C. 102(b) as being anticipated by 
Schutten '001 . 

Claims 1, 4-6, 9-11 and 13-15 are rejected under 35 U.S.C. 102(b) as being 
anticipated by United States Patent 4,612,465 to Schutten et al. (Schutten '465). 

As to independent claim 1, Schutten '465 discloses a method of manufacturing a 
trench gate semiconductor device (see the entire patent, including the Figs. 14-20 
disclosure) comprising the steps of: providing a silicon device body 202/204 having a 
first major surface, the silicon device body having a drain region 202 of a first 
conductivity type and a body region 204 over the drain region; forming a trench 226 
extending downwards into the silicon device body from the first major surface, the 
trench having sidewalls and a base (see the Fig. 18 disclosure); etching the silicon at 
the base of the trench to form porous silicon 228 at the base of the trench (see column 
10, lines 31-40); and thermally oxidizing the device to oxidize the porous silicon at the 
bottom of the trench to form a plug at the base of the trench (see column 10, lines 44- 
46); and depositing conductive material within the trench to form a gate 238. 
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Claim 1 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Schutten 

'465. 

As to dependent claim 4, Schutten '465's step of forming the trench 226 includes 
providing a mask 222/224 on the first major surface defining an opening and etching the 
trench extending downwards from the first major surface through the opening. 

Claim 4 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Schutten 

'465. 

As to dependent claim 5, Schutten '465's mask 222/224 comprises oxide 222. 
Claim 5 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Schutten 

'465. 

As to dependent claim 6, Schutten '465's step of etching the silicon at the bottom 
of the trench 226 to form porous silicon 228 includes dry-etching the bottom of the 
trench through the same mask 222/224 used to define the trench (see column 10, lines 
25-40). 

Claim 6 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Schutten 

'465. 

As to dependent claim 9, Schutten '465 discloses a trench MOSFET (see the 
entire patent, including the Fig. 20 disclosure) comprising: a drain region 202 of first 
conductivity type; a body region 204 over the drain region; a trench 226 extending from 
a first major surface through the body region; source regions 214 of the first conductivity 
type laterally adjacent to the trench at the first major surface; thermal gate oxide 232 on 
the sidewalls of the trench; a gate electrode 238 in the trench insulated from the body 
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region by the gate oxide; characterized by a thick oxide plug formed of oxidized porous 
silicon 228 (see column 10, lines 31-46) at the base of the trench extending into the 
drain region. 

Claim 9 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Schutten 

'465. 

As to dependent claim 10, Schutten '465's body region 204 is of second 
conductivity type opposite to the first conductivity type. 

Claim 10 is thus rejected under 35 U.S.C. 102(b) as being anticipated by 
Schutten '465. 

As to independent claim 11, Schutten '465 discloses a method of manufacturing 
a trench gate semiconductor device (see the entire patent, including the Figs. 14-20 
disclosure), the method comprising: providing a silicon device body 202/204 having a 
first major surface, the silicon device body having a drain region 202 of a first 
conductivity type and a body region 204 over the drain region; forming a trench 226 
extending downwards into the silicon device body from the first major surface, the 
trench having sidewalls and a base; etching the silicon at the base of the trench to form 
porous silicon at the base of the trench (see column 10, lines 31-40); thermally oxidizing 
the device to oxidize the porous silicon at the base of the trench to form a plug at the 
base of the trench (see column 10, lines 44-46), wherein thermally oxidizing the device 
forms sidewall oxide 232/234/236 on the sidewalls of the trench (see column 10, lines 
48-54); and depositing conductive material within the trench to form a gate 238. 
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Claim 11 is thus rejected under 35 U.S. C. 102(b) as being anticipated by 
Schutten '465. 

As to dependent claim 13, Schutten '465's step of forming the trench 226 
includes providing a mask 222/224 having an opening and on the first major surface 
and etching through the opening. 

Claim 13 is thus rejected under 35 U.S.C. 102(b) as being anticipated by 
Schutten '465. 

As to dependent claim 14, Schutten '465's mask 222/224 comprises oxide 222. 
Claim 14 is thus rejected under 35 U.S.C. 102(b) as being anticipated by 
Schutten '465. 

As to dependent claim 15, Schutten '465's step of etching the silicon at the 
bottom of the trench 226 to form porous silicon 228 includes dry-etching the bottom of 
the trench through the same mask 222/224 used to define the trench (see column 10, 
lines 25-40). 

Claim 15 is thus rejected under 35 U.S.C. 102(b) as being anticipated by 
Schutten '465. 

Claims 1, 4-6, 8-11 and 13-16 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over United States Patent 6,809,375 to Takemori et al. (Takemori) 
together with United States Patent 4,541,001 to Schutten et al. (Schutten '001). 

As to independent claim 1, Takemori discloses a method of manufacturing a 
trench gate semiconductor device (see the entire patent, including the Fig. 1B and Figs. 
5-21 disclosure), comprising: providing a silicon device body 17/18/19 having a first 
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major surface, the silicon device body having a drain region 17/18 of a first conductivity 
type and a body region 19 over the drain region; forming a trench 10 extending 
downwards into the silicon device body from the first major surface, the trench having 
sidewalls and a base; filling the bottom of the trench with silicon oxide 51 (Fig. 12) to 
form a plug 16 at the base of the trench; and depositing conductive material within the 
trench to form a gate 1 1 . 

The difference between claim 1 and Takemori is claim 1's silicon oxide plug is 
formed by etching the silicon at the base of the trench to make it porous and then 
thermally oxidizing the porous silicon, while Takemori's silicon oxide plug is formed by 
filling the bottom of the trench with silicon oxide. 

Schutten '001 teaches forming a trench gate semiconductor device's silicon oxide 
plug either by filling the bottom of the trench with silicon oxide or by etching the silicon 
at the base of the trench to make it porous and then thermally oxidizing the porous 
silicon (see the entire patent, including column 2, lines 1-26, and column 7, lines 30-45). 

It would have been obvious to one skilled in the art to form Takemori's silicon 
oxide plug 16 by etching the silicon at the base of the trench to make it porous and then 
thermally oxidizing the porous silicon, instead of by filling the bottom of the trench with 
silicon oxide, because Schutten '001 teaches forming a trench gate semiconductor 
device's silicon oxide plug either by filling the bottom of the trench with silicon oxide or 
by etching the silicon at the base of the trench to make it porous and then thermally 
oxidizing the porous silicon. 
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Claim 1 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takemori together with Schutten '001 . 

As to dependent claim 4, Takemori's step of forming the trench includes 
providing a mask on the first major surface defining an opening and etching the trench 
extending downwards from the first major surface through the opening (see column 10, 
lines 17-22). 

Claim 4 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takemori together with Schutten '001 . 

As to dependent claim 5, Takemori's mask is an oxide hard mask (see column 
10, lines 17-22). 

Claim 5 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takemori together with Schutten '001 . 

As to dependent claim 6, Schutten '001 discloses that the step of etching the 
silicon at the bottom of the trench to form porous silicon includes dry-etching the bottom 
of the trench through the same mask used to define the trench (see column 7, lines 30- 
45). 

Claim 6 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takemori together with Schutten '001 . 

As to dependent claim 8, Takemori's method further comprises forming a source 
implant 21 of the first conductivity type at the first major surface adjacent to the trench 
and forming source, gate and drain electrodes attached to the source implant, the gate 
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and the drain region at the bottom of the trench respectively to complete the trench gate 
semiconductor device. 

Claim 8 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takemori together with Schutten '001 . 

As to independent claim 9, Takemori discloses a trench MOSFET (see the entire 
patent, including the Fig. 1B disclosure, for example) comprising: a drain region 17/18 
of a first conductivity type; a body region 19 over the drain region; a trench 10 extending 
from a first major surface through the body region; source regions 21 of the first 
conductivity type laterally adjacent to the trench at the first major surface; thermal gate 
oxide 27 on the side walls of the trench; a gate electrode 1 1 in the trench insulated from 
the body region by the gate oxide; characterized by a thick silicon oxide plug 16 formed 
of silicon oxide fill 51 (Fig. 12) at the base of the trench extending into the drain region. 

The difference between claim 9 and Takemori is their thick silicon oxide plugs are 
formed of oxidized porous silicon and silicon oxide fill, respectively. 

Schutten '001 teaches forming a trench MOSFET's silicon oxide plug of silicon 
oxide fill or oxidized porous silicon (see the entire patent, including column 2, lines 1-26, 
and column 7, lines 30-45). 

It would have been obvious to one skilled in the art to form Takemori's trench 
MOSFET's thick silicon oxide plug 16 of oxidized porous silicon instead of silicon oxide 
fill because Schutten '001 teaches forming a trench MOSFET's thick silicon oxide plug 
of silicon oxide fill or oxidized porous silicon. 
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Claim 9 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takemori together with Schutten '001 . 

As to dependent claim 10, Takemori's body region 19 is of second conductivity 
type opposite to the first conductivity type. 

Claim 10 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takemori together with Schutten '001 . 

As to independent claim 1 1 , Takemori discloses a method of manufacturing a 
trench gate semiconductor device (see the entire patent, including the Fig. 1 and Figs. 
5-21 disclosure), comprising: providing a silicon device body 17/18/19 having a first 
major surface, the silicon device body having a drain region 17/18 of a first conductivity 
type and a body region 19 over the drain region; forming a trench 10 extending 
downwards into the silicon device body from the first major surface, the trench having 
sidewalls and a base; filling the bottom of the trench with silicon oxide 51 (Fig. 12) to 
form a plug 16 at the base of the trench; thermally oxidizing the device to form sidewall 
oxide 52 on the sidewalls of the trench (see the Fig. 13 disclosure); and depositing 
conductive material within the trench to form a gate 1 1 . 

The difference between claim 11 and Takemori is claim 11 's silicon oxide plug is 
formed by etching the silicon at the base of the trench to make it porous and then 
thermally oxidizing the porous silicon, while Takemori's silicon oxide plug is formed by 
filling the bottom of the trench with silicon oxide. 

Schutten '001 teaches forming a trench gate semiconductor device's silicon oxide 
plug either by filling the bottom of the trench with silicon oxide or by etching the silicon 
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at the base of the trench to make it porous and then thermally oxidizing the porous 
silicon (see the entire patent, including column 2, lines 1-26, and column 7, lines 30-45). 

It would have been obvious to one skilled in the art to form Takemori's silicon 
oxide plug 16 by etching the silicon at the base of the trench to make it porous and then 
thermally oxidizing the porous silicon, instead of by filling the bottom of the trench with 
silicon oxide, because Schutten '001 teaches forming a trench gate semiconductor 
device's silicon oxide plug either by filling the bottom of the trench with silicon oxide or 
by etching the silicon at the base of the trench to make it porous and then thermally 
oxidizing the porous silicon. 

Claim 11 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takemori together with Schutten '001 . 

As to dependent claim 13, Takemori's forming the trench includes providing a 
mask having an opening and on the first major surface and etching through the opening 
(see column 10, lines 17-22). 

Claim 13 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takemori together with Schutten '001 . 

As to dependent claim 14, Takemori's mask is an oxide hard mask (see column 
10, lines 17-22). 

Claim 14 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takemori together with Schutten '001 . 

As to dependent claim 15, Schutten '001 discloses that the step of etching the 
silicon at the bottom of the trench to form porous silicon includes dry-etching the bottom 
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of the trench through the same mask used to define the trench (see column 7, lines 30- 
45). 

Claim 15 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takemori together with Schutten '001 . 

As to dependent claim 16, Takemori's method further comprises forming a 
source implant 21 of the first conductivity type at the first major surface adjacent to the 
trench and forming source, gate and drain electrodes attached to the source implant, 
the gate and the drain region at the bottom of the trench respectively to complete the 
trench gate semiconductor device. 

Claim 16 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takemori together with Schutten '001 . 

Claims 2 and 3 are objected to as being dependent upon a rejected base claim, 
but would be allowable over the prior art of record if corrected (see above) and rewritten 
in independent form including all of the limitations of the base claim and any intervening 
claims. 

Claims 7 and 12 are objected to as being dependent upon a rejected base claim, 
but would be allowable over the prior art of record if rewritten in independent form 
including all of the limitations of the base claim and any intervening claims. 

The prior art of record does not disclose or suggest the allowable claims as a 
whole, including the oxidized porous silicon. 

The applicant's arguments are moot in view of the new grounds of rejection. 
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